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Introduction:
1.1Background
Dinitrogenis aninerttriplybondediatomicmolecule.It is verydifficult
toactivatebecauseof itshighionizationpotential(15.058eV),negativelectron
affinity(-1.8eV) andhighbonddissociationenergy(945kllmol).l Thelackof
reactivityof Nz is not simplydueto thetriplebond;carbonmonoxideis
isoelectronicwithdinitrogenbutundergoesavarietyofchemicalreactionsbutyet
hasa greaterbonddissociationenergy(1076kJ/mol).zThisvariationsuggests
thatsomethingelseisresponsiblefortheinertnessof dinitrogen,besidespolarity.
Whenlookingatthemolecularorbitaldiagramof Nz, it containsa lowenergy
HOMO (-15.6eV) anda highenergyLUMO (7.3eV),thuscreatinga large
HOMO/LUMOenergygapwhichdisfavorselectrontransferandLewisacid/base
h . 3C emlstry.
One major challengestill facing chemiststoday is the utilizationof
molecularnitrogenordinitrogeni thegenerationofnitrogencontainingproducts
of syntheticutility.l Developmentof syntheticalternativesfortheactivationof
dinitrogenbytransitionmetalshasbeenthemaingoalofresearchoverthepast40
years,especiallyfortheunderstandingofbiologicaldinitrogenfixation.Nature
convertsNzfromtheatmosphereintoaformreadilyutilizablebyorganismsusing
aclassofenzymescallednitrogenases.4Themostwellcharacterizedandstudied
nitrogenaseenzymecontainstheMo-Fecofactoratitsactivesitewhichisableto
bind dinitrogenandconvertit to ammoniacatalyticallyandundernormal
conditions.Despitetheeffortsofmanyscientists,theexactmechanismbywhich
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thisMo-Fe cofactorworksis still unknown.4Crystallographicdatahasmore
recentlyshownthathecofactorhasacage-likearrangementofonemolybdenum
andsevenironcenterslinkedbysulfideionswithanadditionaltom,possiblyN,
C, or 0 occupyingthecentralcavity(Figure1.1).5Re-evaluationof thecurrent
theoriesis necessaryin understandingtheinteractionof thenitrogenaseenzyme
withdinitrogenandtheroleofmolybdenum-ironcofactor.6 Chattetal.utilized
low oxidationstateGroup6 metalcentersupportedby ancillaryphosphane
ligandsto createmonometallicdinitrogencomplexes.?Thesesystemsreacted
with reducingagentsandprotonsto generatereducednitrogencontaining
complexes,includinghydrazineandammonia.?
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Figure1.1StructureofMo-Fenitrogenaseenzyme.
Chemistsarenotonlylookingintotheenzymaticuseofdinitrogen,they
arealsocurrentlyinvestigatingwaystoutilizenitrogengastosynthesizevarious
complexmolecules,containingnitrogenandtounderstandthemechanistic
processof convertingN20to2N3-. TheHaber-Boschprocessis theonly
commerciallysuccessfulmethodthatutilizesnitrogengas.Thisprocessinvolves
thereactionofN2 withthreeequivalentsofH2 overarutheniumorironbased
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catalysttoproduceammonia(Eq.I).! Haberwonthe1918NobelPrizein
chemistryforprovidingaroutethatutilizedfixednitrogenintheformof
ammonia,widelyusedas
MetalCatalyst
N2(9) + 3 H2(9) ... 2 NH3(9) (1)
100-300atm
400-550°C
fertilizer.!In 1931,BoschwasawardedtheNobelPrize(sharedwithBerpius)
becauseofhisdevelopmentofthehigh-pressuretechniquesthatmadethe
synthesisofammoniafeasibleindustrially.!
1.2 CoordinationChemistryofDinitrogen
Currentlythefocusof thescientificliteratureis on thesynthesisof a
complexthatis ableto coordinatedinitrogenandthenundergoadditionof
electrons/protons/orothereducingagents.!Morespecifically,N2grouptransfer
to organicmoietiesis a significantgoal. NumerousN2complexesareknown,
howeveronly a few have shown the ability to reduceN2 to NH3
stoichiometrically.8In 1965,Allen andSenoffisolated[Ru(NH3)S(N2)]2+and
discoveredthat[RU(NH3)S]2+couldreversiblycoordinatedinitrogen.9Thisresult
sparkedtheinterestin thecoordinationchemistryof dinitrogen.9Whileother
systemshaveshowntocoordinatedinitrogen,transitionmetalsandmorerecently
lanthanideshavedominatedthecoordinationchemistryofdinitrogen.
In ordertorationalizetheactivationof adinitrogenligandin atransition
metalcomplex,theDewar-Chatt-Duncansonsynergisticbondingmodelmustbe
analyzed.Therearethreedifferentcoordinationmodesfor dinitrogen:end-on
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(A)9,end-onbridging(B),1Oandside-on(C)!! (Figure1.2). If thedinitrogenis
boundend-onto asinglemetalcenter,thefilledN2nonbonding(j orbitalformsa
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Figure1.2ThreecomplexesexhibitingthedifferentcoordinationmodesofN2.
dativebondwiththemetalsemptydz2ordx2-i orbitals.!The1tcomponentis the
resultof thebackbondingofthe filleddxz,dyzordxyorbitalsintothevacant1t*
orbitalofN2,stabilizingthemetal-N2complex.Thesameappliesfortheside-on
coordinationmode,exceptheliganddonororbitalis the1tuandonlyone1tg*
orbitalhasthesymmetrytobea1t-acceptor.!SincethestabilityoftheN2lone
pairandthelargeHOMO/LUMOgapminimizesthemetalandN2overlap,
dinitrogenis consideredtobebothapoor(j donorandpoor1tacceptor.!
Activationcanbeachievedwhendinitrogenbridgestwometalcenters.
Thebasicityis increasedwithback-donation;thedonationfromonemetalrenders
it abetterbasetothesecondmeta1.!ExampleB inFigure1.1demonstratesa
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morereducedformofthemetaltonitrogenbond,withapartiallyreduced
examplecontaininganalternatingsingle-doublebondmotif(M-N=N-M)anda
completelyreducedformwouldcontainametalnitrogentriplebondasseenby
CumminsinhisN =Mo[N(But)Phh.llb
Donationof electronsintoN2 causesthebondorderto be reduced;
formalismfor thereductiontoN=Ndoublebond(N2t or anN-N singlebond
(N2)4-hasbeenusedto describemanysystems.l The N-N bondlengths
determinedbycrystallographicdataarealsousedtodeterminebondorder;aN2
triplebondis 1.097A, N=Nis 1.23A, andasinglebondis 1.454A. Infraredor
Ramanstretchingfrequencyv(N-N) is indicativeof bondorderor degreeof
activation,the lower the frequency,the longerthe N-N bond.l These
experimentalobservationsalongwiththeformaloxidationstateof themetal
centermustbeexaminedtodeterminethebondorder.
1.3 ResearchObjectives:
Investigationfananionicpincertypeligand,PNP(PNP=N[2-
P(CHMe2)2-4-Me-C6H3h-)(Figure1.3),whichcombinesahardamineandtwo
softphosphinedonorstoatransitionmetal,iscurrentlyunderway.Additionally,
thereisprecedencefordinitrogenactivationbycobaltcomplexes,explorationof
thereactivityof [PNPrwithcobaltisalsobeingexplored.
Anotheravenueofanalysisisthechemistryof cobaltimidocomplexesof
thetype[PNPCo=NR],aninvestigationthatsternsfromtheirisoelectronic
relationshiptotheelusive[PNPCo=O].Theoxospecieshasevadedirect
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observation,andtoourknowledgenotenninaloxocobaltcomplexhaseverbeen
isolated.Thesynthesisandcharacterizationofthefirstcobaltdinitrogen
u+w
;X"
Figure 1.3. The[pNPr ligand.
compoundcontainingthePNPligandaswellasthesynthesisofcobaltimidoand
oxocomplexeswill specificallybecarriedout.
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ResultsandDiscussion
2.1SynthesisofLi(PNP)
TheligandLi(PNP)(PNP-=N(2-p(ipr2)2,4-Me-phenylh)apincer-type
ligandrecentlydescribedbyOzerov,12wasisolated(Scheme2.1)andclosely
Scheme2.1Synthesisof(PNP)HandthesimilarPNPligandutilizedbyFryzuk.
resemblestheligandutilizedbyFryzuk.13Onemajordifferencebetweenthetwo
ismorerobustN-CbondshavereplacedthelabileN-SibondsofFryzuk'sligand.
An advantageofthelatteristhatit ismoreflexibleandhencenotrestrictedto
constrainedgeometries,whilethePNP-ligandisrigidlyfixedandprefers
meridionalcoordinationtoametalcenter.ThetridentatePNP-ligandimposesa
unique lectronicenvironmentwithahardamidedonorandtwosoftphosphine
donors.Preparationof1(Scheme2.1)anditsbrominationproduct2,undergoesa
one-potdeprotonationa dlithium-bromineexchangetogeneratehetrilithio
derivativeof2. Thiswasthenphosphinatedwithipr2PCltoprovide(PNP)Hupon
hydrolysis.12TIBuLiwasaddedtogivethelithiatedproductof(PNP)H,ayellow
solidinca.65%yield.
2.2Synthesisof(PNP)CoCI(1)
The(PNP)CoCIcomplexwasobtainedbyreactingCoChwithLi(PNP)in
THF at-35°Candwasisolatedasadarkbluesolidin76%yield(Scheme2.2).
Q 2.4 Br2 Q-B' 1.3nBuLi Q-PiP', jPR22.2 ipr2PCI Me2Si3 NaOAc 'N3NH . NH . NH I
P
AcOH
)J-B'
3.H2O
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Me2Si
Et20 LPR2
2 (PNP)H FryzukSipNP
8TheparamagneticCo(II) compoundissolubleinEtzO,toluene,benzeneand
THF. Theroomtemperaturetoluenesolutionmagneticmomentwasdetermined
bythemethodofEvansandprovidedavalueof2.32IlBwhichimpliesalowspin
Co(lI)ionconfinedinasquareplanargeometry.MagneticmomentsforCo(lI)
< (-p;pr2
N-Li+
f}-p;pr2
THF
- 35°C
. (PNP)CoCI + LiCI+ CoCI2
Scheme2.2 Synthesisof (PNP)CoCl.
tetrahedralndpseudotetrahedralstructurestypicallyfallwithinarangeof4.3
and5.21lBandareassignedhighspin.13b
Singlecrystalsof (PNP)CoCI(1)suitableforX-raydiffractionstudywere
obtainedbycoolingasaturatedtoluenesolutionofthecomplex(Figure2.1).
SelectedbondlengthsandanglesarepresentedinTable2.1andthecobalt
chloridecomplexdisplaysasquareplanargeometryaroundthecobaltcenter.
Figure2.1Molecularstructureof 1withthermalellipsoidsatthe50%
probabilitylevel.(Pr's andH'shavebeenomittedforclarity).
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Table2.1Selectedbondlengths(A) andangles(°)for(pNP)CoCl.
Co-N(3)
Co-CI(2)
Co-P(11)
Co-P(11)#1
1.905(3)
2.1919(14)
2.2203(7)
2.2203(7)
N(3)-Co-Cl(2)
N(3)-Co-P(II)
CI(2)-Co-P(11)
N(3)-Co-P(II)#1
CI(2)-Co-P(11)#1
P(II)-Co-P(11)#1
180.000(1)
83.82(2)
96.18(2)
83.82(2)
96.18(2)
167.63(4)
2.4Synthesisof [Na2(thf)3][(PNP)Co(N2)](2)
Dropwiseadditionof(PNP)CoCI(1)inTHF toarigorouslystirred
solutionof sodiumnapthalenideresultedintheformationof thedianionic
dinitrogencobaltcomplex(2)in62%yield(Scheme2.3).Formationofcomplex
2wasconfirmedby IH (Figure2.2)and31pNMR spectraconsistentwitha
co~(PNP)CoCI + 30Na + I~ ~ THF ~ [Na2(thfb][(PNP)Co(N2)]
Scheme2.3Synthesisof [Na2(thf)3][(PNP)Co(N2)]'
, , . , I ' , , , I . , , , I . , . , I . . , . I ' , , , I . . , , I ' . , , I . , . . I . .
8 7 6 5 4 3 2 1 ppm
Figure 2.2IH NMR spectraof [Na2(thf)3][(PNP)CO(N2)]'
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diamagneticoba1t(-I)complex.The31pNMR displaysabroadsinglepeakat
65.8ppm.
To ascertaintheformationofaN2complexandthedegreeofreductionof
theN2,wecollectedsinglecrystalsuitableforx-raydiffractionofcomplex2
(Figure2.3),selectedbondlengthsandanglesareprovidedinTable2.2.The
Na(34)
Figure2.3Molecularstructur.eof2withthermalellipsoidsatthe50%
probabilitylevel.CPr's,thfandH'shavebeenomittedforclarity).
Table2.2Selectedbondlengths(A)andangles(°)for[Na2(thf)3][(PNP)Co(N2)]
Co-N(31)
Co-N(10)
Co-P(2)
Co-P(18)
Co-Na(34)
Co-Na(33)
N(31)-N(32)
1.717(7)
2.051(7)
2.138(3)
2.149(3)
2.726(4)
2.863(3)
1.181(8)
N(31)-Co-N(10)
N(31)-Co-P(2)
N(1O)-Co-P(2)
N(31)-Co-P(18)
N(10)-Co-P(18)
P(2)-Co-P(18)
N(31)-Co-Na(34)
N(31)-Co-Na(33)
P(2)-Co-Na(34)
P(2)-Co-Na(33)
117.9(3)
114.3(3)
83.2(2)
110.6(3)
86.6(2)
133.44(9)
72.6(3)
58.4(3)
93.77(13)
101.05(11)
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crystalstructureof [Na2(thf)3][(PNP)CO(N2)]isstrongevidenceforthefirst
monomericdianionicdinitrogencomplex.In2therearefourpossibleoxidation
statesforthecobaltmetalcentereitherCo(I),Co(II),Co(III),orCo(-I),
comparisontotheliterature,14-15,18,21collectedNMR data,andcrystaldata
suggestsaCo(-I)metalcenter(Figure2.4).TheCo-Nbondlengthof 1.731Ais
indicativeofa singlebondwhiletheN-N distanceof 1.181Ais indicativeofa
doublebond.
Na+
/~\
PNPCo-N=N ,
\
'Na+
Figure 2.4 Explanationofnegativechargeonthecobaltmetalcenter.
2.5Synthesisof(PNP)Co-N=N-Co(PNP)(3)
Complex3wasreadilyobtainedfromthereactionof2andtwo
equivalentsof 1indiethylether(Scheme2.4).Inordertobalancetheequation
[Na2(thfh][(PNP)Co(N2)]+ 2 (PNP)CoCI
2 1
Et20
. (PNP)Co-N=N-Co(PNP)
-2NaCI 3
Scheme2.4 Synthesisof (PNP)Co-N=N-Co(PNP).
another(PNP)ComustundergoN2binding,themechanismcanbestbeexplained
byScheme2.5. Complex3wasisolatedasablacksolidandis solubleinpolar
solventsandalsoin aliphatichydrocarbons.The31pNMR showstwobroad
peaksat50.3and58.0ppmandthe1HNMR is indicativeof adiamagneticCo(l)
complex.
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Scheme2.5Mechanismforthesynthesisof(3).
Singlecrystalsof(PNP)Co-N=N-Co(PNP)suitableforX-raydiffraction
studywereobtainedbyslowevaporationfadiethylethersolutionofthe
complex.Bothcobaltmetalcentersofthedimerareinasquareplanargeometry
bridgedbyN2,illustratedin themolecularstructure(Figure2.5). Selectedbond
lengthsandanglesarepresentedinTable2.3.Thedimercontainsno
crystallographicinversioncenterattheN(4)-N(3)bondindicativeofthereduced
symmetrynotedinthecrystalstructure.Comparisonofbothdinitrogen
compounds(2and3)toanarrayofknowncobaltdinitrogencomplexesof
varyingoxidationstate(Table2.4)displaysimilargeometryandbond
lengths/angles.
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Figure2.5Molecularstructureof3withthermalellipsoidsatthe50%
probabilitylevel.(ipr'sandH'shavebeenomittedforclarity).
1 Nz2 . (PNP)CoNz-+(PNP)Co .. 1/2 (PNP)CoNz
-NaCl
(PNP)Co1 -NaCI
3 3
2.6Synthesisof(PNP)Co(OCPh3)(4)
Thecompound(PNP)Co(OCPh3)(4)wasreadilypreparedbyreacting
equimolaramountsof(1)andNaOCPh3inTHF,adarkbluesolidwasisolatedin
ca.80%yieldaftertheappropriateworkup(Scheme2.5). The IH NMR indicates
.,
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Table2.3Selectedbondlengths(A)andangles(°)for3.
Co(1)-N(3) 1.763(2) N(3)-Co(1)-N(13) 179.66(8)
Co(l)-N(13) 1.928(2) N(3)-Co(1)-P(21) 96.42(6)
Co(l)-P(21) 2.2033(7) N(13)-Co(1)-P(21) 83.25(6)
Co(1)-P(5) 2.2043(7) N(3)-Co(1)-P(5) 96.70(6)
Co(2)-N(4) 1.768(2) N(13)-Co(1)-P(5) 83.62(6)
Co(2)-N(42) 1.935(2) P(21)-Co(1)-P(5) 166.81(3)
Co(2)-P(34) 2.1895(7) N(4)-Co(2)-N(42) 179.00(8)
Co(2)-P(50) 2.1981(7) N(4)-Co(2)-P(34) 95.30(6)
N(3)-N(4) 1.144(3) N(42)-Co(2)-P(34) 83.85(6)
N(4)-Co(2)-P(50) 96.88(6)
N(42)-Co(2)-P(50) 83.96(6)
P(34)-Co(2)-P(50) 167.75(3)
Table2.4Listofbondlengthsofcobaltdinitrogencomplexes.
Complex Ox.State Co-N(A) N-N (A) Ref.
[Na2(thf)3][(PNP)CO(N2)] 1 1.717(7) 1.181(8)
(PNP)Co-N=N-Co(PNP) 1 1.763(2) 1.144(3)
{«CH3)3P)3CoN2hMg(THF4) -I 1.72 1.18 14
K[N2Co(P(Me)3)3] -I 1.70(2) 1.17(3) 15
[(Me3P)3CoN2MgCMe3(OEt2)h -I 1.211(4) 1.672(3) 15
[(Me3P)3CoN2A1Me2h -I 1.252(6) 1.642(4) 15
2,6-[CMe=N(2,6-C6H3Pri2)h 1 1.841(3) 1.112(6) 16
CSH3N]CoN2
{[(tppme)Coh(/l-N2) 0 1.76(1) 1.18(2) 17
[Co(N2)(PPh3)3]Li(Et20)3 -I 1.707(11) 1.167(16) 18
[Co(N2)(PPh3)3]Li(THFh -I 1.624(26) 1.19(4) 18
[(TpNPCO)2(/l-N2) 1 1.774(22),1.141(30) 19
1.847(21)
[Co(/l-t-BU2P)N2(PMe3)h 1 1.814(4) 1.092(5) 20
[(Me3P)3CoN2AlMe2h -I 1.642(4) 1.252(6) 21
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(PNP)CoCI + NaOCPh3 THF ~ (PNP)Co(OCPh3)
Scheme2.5SynthesisofPNPCoOCPh3.
thathecobalt(II) complexisparamagneticwhichisalsoapparentbythesilence
of the31P NMR spectra.Complex4wassynthesizedwiththeaimof obtaining
thefirstcobaltoxo(Co=O)complex.Theformationofthecobalt-oxois
dependentupontheejectionofthestableradicalCPh3,ascenariothatishighly
likelyduetothisleaving roupsaffinityfortheformationofGomberg'sdimer.
Althoughthisdidnotoccur,complex4is anexcellentcandidateforoxygenatom
transferexperimentation.
Singlecrystalsuitableforx-raydif:tractionfcomplex4wereobtained
andsolvedverifyingtheconnectivityofthesquareplanarcobalt(II)metalcenter
(Figure2.6).Compound4hasaCo-Obondlengthof 1.85AandCo-O-Cangle
of 138.45°whichcanbecomparedtoPower'sknowncobaltalkoxides.21
Co(OCPh3)2(THFhhasaCo-Obondlengthof 1.872(2)A andaCo-O-Cbond
angleof 129.6(2)°. Two similarcomplexes[Co(OC(C6Hll)3)2hand[Co-
(OCPh2h.n-C6HI4{(Co-O1.798(4),1.763(5)A andCo-O-C145.2(5),158.1(5)
°),and(Co-O1.814(4),1.811(4)A; Co-O-C137.1(4),129.4(4)°)showverylittle
deviation:tromcomplex4.
Table2.4Selectedbondlengths(A)andangles(°)for(PNP)Co(OCPh3)
Co(1)-0(31)
Co(1)-N(l 0)
Co(1)-P(2)
Co(1)-P(18)
1.8500(15)
1.9649(17)
2.3557(6)
2.4151(6)
0(31)-Co(1)-N(l 0)
0(31)-Co(1)-P(2)
N(1O)-Co(1)-P(2)
0(31)-Co(1)-P(18)
N(1O)-Co(l)-P(18)
P(2)-Co(1)-P(18)
Co(1)-0(31)-C(32)
140.52(7)
96.21(5)
84.41(5)
125.77(5)
80.02(5)
128.74(2)
138.45(13)
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Figure2.6 Molecularstructureof4withthennalellipsoidsatthe50%
probabilitylevel.CPr'sandH'shavebeenomittedforclarity).
2.7Synthesisof(PNP)Co(COh(5)
Inpursuitofa(PNP)Co=Ocomplexreactionof4withcarbonmonoxide
rapidlyfonned(PNP)CO(CO)2.Interestingly,fonnationof5resultedinthe
radicaldisplacementofGomberg'sdimer(dimerizationoftheCPh3radical)
whichwasconfinnedby lH NMR (Figure2.7).Uponfonnationofthisdimerand
thereactionof 1atmofcarbonmonoxide(Scheme2.6),complex4 mustfonna
cobaltoxocomplex.
Themolecularstructureofthiscomplexwasobtainedbyroom
temperaturevaporationof deuteratedbenzene(Figure2.8)whichfurther
confinnedthepresenceoftwocarbonyls.Thecobaltmetalcenteris inaslightly
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Figure2.7 IHNMR of crude(PNP)Co(COh,(* indicateGomberg'sdimer).
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Scheme2.6 Synthesisof(PNP)Co(CO)z.
distortedtrigonalbipyramidalenvironment,andselectedbondlengthsandangles
aregiveninTable2.6.Comparisonof(PNP)Co(CO)ztotheakintrigonal
bipyramidalcobalt(I) complex,Co(CO)Z(pMe3)z(N3iz,withaCo-CO bond
lengthsof 1.739(6),1.749(5)A andaCObondlengthsof 1.134(5),1.145(6)A
demonstratesnosignificantvariation.18
17
C(17)
Figure2.8Molecularstructureof5withthermalellipsoidsatthe50%
probabilitylevel.(ipr'sandH'shavebeenomittedforclarity).
Table2.5Selectedbondlengths(A) andangles(°)for(pNP)CO(CO)2
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Co(I)-C(17)
Co(l )-C(17A)
Co(l )-N(l 0)
Co(l )-P(2)
Co(1)-P(2A)
C(17)-O(18)
1.7556(2)
1.7556(2)
2.0346(2)
2.2019(4)
2.2019(4)
1.142(2)
C(17A)-Co(1)-C(17)
C(17A)-Co(1)-N(l 0)
C(17A)-Co(1)-P(2)
C(17)-Co(1)-P(2)
N(l O)-Co(1)-P(2)
P(2)-Co(1)-P(2A)
117.35(1)
121.32(6)
98.25(5)
92.405)
79.725(1)
159.45(2)
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ExperimentalSection
3.1Synthesisof(PNP)CoCI(1)
A coldsolution(-35°C)ofLi(PNP) (1.49,0.0115mol)inTHF(50mL)
wasaddedtoastirringcoldsuspension(-35°C)ofCoCh (5.0g,0.0115mol)in
THF (250mL). Thereactionmixturewasallowedtowarmtoambient
temperatureandstirredfor22hoursandthesolventwasremovedundereduced
pressure.Aftertheadditionoftoluene(50mL)thesuspensionwasfilterto
removeLiCl andthefiltratewasconcentratedundereducedpressuretoca.15
mL,andcooled(-35°C)overnighttoproduceadarkbluecrystallinesolid(4.56
g,76%). ObservedEvansmagneticmoment:2.32flB. Completecharacterization
stillinprogress.
3.2 Synthesisof [Na2(tht)3][(PNP)Co(N2)](2)
Ina250mLErlenmeyerflasksodiummetal(528mg,22.98mmol)was
cutandspreadonthebottomoftheflask,tothisTHF (30mL)wasadded.
Napthalene(0.098g,0.766mmol)wasdissolvedinTHF (20mL)andaddedtothe
stirringsuspension,whichimmediatelyturnedarkgreenandwaslefttostirfor6
hours.(1)(00400g,0.766mmol)wasdissolvedinTHF (150mL)andaddedto
theflaskdropwiseoveraperiodofthreehours.Afterstirringforanadditional24
hours,thedarkbrownsuspensionwasfiltered.Thefiltratewasconcentrated
undereducedpressuretodrynessandthedarkbrownsolidwaswashedwith
hexane(30mL)andfiltered.Thesolidisthendissolvedindiethylether(15mL)
andcooledtoobtaindarkbrowncrystals(0.398g,73%).Complete
characterizationstillinprogress.
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3.2 Synthesisof (PNP)Co-N=N-Co(PNP) (3)
A stirredbrownsolutionof2 (0.100g,0.130mmol)inEhO(5mL)was
cooled(-35DC)andtreatedwithacooled(-35DC)solutionof1(0.135g,0.260
mmol)inEtzO(10mL). Theresultingdarkblue/blacksolutionwasstirredforan
additional16hourstheconcentratedundereducedpressuretodrynessand
washedwithpentane(10mL)toremoveNaCl. Thesuspensionis filteredandthe
filtrateisconcentratedtodrynessresultinginablacksolid.NMR data(inC6D6):
IH 01.14-1.43(m,48H, CH(CH3)z),2.11(s,6H, Me), 2.17(s,6H, Me), 2.29
(brs,8H, CH(CH3)z),6.32(m,4 H, Ph),6.70(d, IJH-H=7.8,2H, Ph),6.96(s,2
H, Ph),7.39(d, IJH-H=7.8,2 H, Ph),7.56(s,2H, Ph). 31p050.25(brs,2P,
PNP),57.85(s,2P,PNP).Completecharacterizationstillinprogress.
3.4 Synthesisof (PNP)Co(OCPh3)(4)
To acold(-35DC)stirringsolutionof 1(0.100g,0.191mmol)in THF (10
mL)acoldsolution(-35DC)ofNaOCPh3(0.054g,0.191mmol)inTHF (6mL)
wasadded.Afterstirringfor24hoursthedarkbluesolutionwasconcentratedto
drynessandwashedwithpentane(10mL),filteredtoremoveNaClanddriedin
vacuotoobtainadarkbluesolid.Completecharacterizationstillinprogress.
3.5 Synthesisof (PNP)CO(CO)2(5)
In aJay-youngtube4(0.020g)wasmeasureanddissolvedinC6D6.To
this1atmofCO(g)wasaddedturningthedarkbluesolutionanimmediategreen.
NMR data(in C6D6):IH 01.11-1.34(m,24H, CH(CH3)z),2.17(s,6H, Me),
2.26(brs,2H, CH(CH3)z),4.93(s, 1H, aliphaticproton),5.92(d, IJH-H= 10.2,2
H, olefinicprotons),6.44(d, IJH-H=10.2,2H, olefinicprotons),7.00-7.31(m,25
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H, aromaticprotons),7.52(m,6H, PNP). 31pNMR 097.78(s,2P, PNP).
Completecharacterizationstillinprogress.
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Conclusions
Fivenewcomplexesofcobalthavebeensynthesizedincludingbotha
monomericanddimericdinitrogencomplex.Activationofdinitrogenproduced
[Na2(thf)3][(PNP)Co(N2)]whichcanthenbereactedwithtwoequivalentsof
(PNP)CoCltoproducethedimericend-ondinitrogenbridgedcomplex(PNP)Co-
N=N-Co(PNP)withapartiallyreducedN2moiety.
(PNP)CoCIcanalsobereactedwithNaOCPh3toproducethe
triphenlymethoxycobalt(II) complex,whichpossiblywill beapowerfuloxygen
atomtransfersource.Furthereactionofthe"Co=Osynthon"withCO(g)
producedacobalt(I) complexwhichundergoesancobalt-oxointermediateby
transferringtheoxygenatomtocarbonmonoxideformingCO2.Isolationofthe
oxointermediatewouldnoonlybethefirstof itskind,butcouldalsobeutilized
asavaluableoxygensourceinoxygenatomtransferchemistry.All five
complexeswerecharacterizedby IH and31pNMR andx-raydiffraction,further
characterizationsinprogress.
FutureStudies
Givenourinterestinsynthesizingthefirstcobalt-oxocomplexweare
currentlyinvestigatingthispossibilitywhilestillcontinuingouractivationof
dinitrogenresearch.
1. Reactionof (PNP)Co(OCPH3)withArduengocarbenes,S02,O2,olefinsand
mildreductantswill helpinunderstandingthecapabilitiesof
(PNP)Co(OCPH3)asadominantoxygenatomtransferreagent.
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2. Investigationofthereactivityof (PNP)Co(COh withanazidemayproduce
(PNP)Co=NR,theisoelectronicspeciesof(PNP)Co=O.
3. Similartothedimeric(PNPCohNzcomplexweareinterestedinsynthesizing
avarietyofmixedvalentdinitrogencomplexesbyreacting
[Naz(thf)3][(PNP)Co(Nz)]with(PNP)FeCI,(PNP)NiCIand(PNP)ScCh(all
preparedinourlab).
4. Reactivityof [Naz(thf)3J[(PNP)Co(Nz)]withanarrayofsmallandorganic
moleculesincludingbutnotlimitedtoCOz,Oz,andNzOmayresultinthe
transferoftheNzfragmenttoformmorecomplexorganicmoieties.
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